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(57) ABSTRACT

The present mvention provides a surface acoustic wave
device that allows a plurality of surface acoustic wave filters
to be formed on a single chip and permits greater miniatur-
ization. The surface acoustic wave device comprises a
piezoelectric substrate, a first surface acoustic wave resona-
tor formed on the piezoelectric substrate, and a second
surface acoustic wave resonator formed on the piezoelectric
substrate 1n the surface acoustic wave propagation direction
of the first surface acoustic wave resonator. The positions 1n
which the first and second surface acoustic wave resonators
are formed on the piezoelectric substrate are 1 an at least
partially overlapping relationship 1n a surface acoustic wave
propagation region that 1s defined by virtually extending the
respective openmings of the first and second surface acoustic
wave resonators. The surface acoustic wave device further
comprises a part for dividing the overlap surface acoustic
wave propagation region into an upper half and a lower half
and for aflording the phases of surface acoustic waves that
are propagated by the first surface acoustic wave resonator
a mutually antiphase relationship in the upper-half region
and lower-half region thus divided.

4 Claims, 11 Drawing Sheets
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1
SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface acoustic wave
device and, more particularly, a surface acoustic wave
device such as a surface acoustic wave filter.

2. Description of the Related Art

Surface acoustic wave devices are used 1n antenna
duplexers of mobile communications devices such as cel-
lular phones. Mimaturization of mobile communication
apparatuses and additional miniaturization of surface acous-
tic wave devices 1n keeping with the trend toward greater
complexity are required.

In cases where a surface acoustic wave device 1s used in
an antenna duplexer, a transmission surface acoustic wave
(SAW) filter and a reception surface acoustic wave (SAW)
filter are formed on the same common chip for the sake of
miniaturization.

Here, cases arise where a signal that 1s mputted by a
transmission terminal 1s converted into a surface acoustic
wave by a transmission resonator and a short circuit i1s
tformed so that the surface acoustic wave 1s propagated and
linked to the reception resonator. In such a case, the trans-
mission/reception isolation characteristic deteriorates and
the filter transmission characteristic 1s subject to spurious
€miss10n.

As conventional techniques for solving this problem, a
technique that provides a groove by means ol dicing
between two SAW filters on a piezoelectric substrate (Japa-
nese Patent Application Laid Open Nos. H5-102783 and
2000-13179), or a technique that allows one filter to carry
parts that intersect lines that are connected to a signal
terminal and lines that are connected to a ground terminal
(Japanese Patent Application Laid Open No. 2003-51731),
have been disclosed.

However, in the inventions appearing 1n Japanese Patent
Application Laid Open Nos. H3-102783 and 2000-13179,
the fine processing of the processing technology 1s prob-
lematic, there are resonator problems and limitations on
placement, and there 1s the risk of an increase 1 chip size.
In addition, deterioration i1n the characteristics 1s induced
because chips fly toward the resonator when a groove 1s
provided by means of dicing.

On the other hand, an object of the invention according to
Japanese Patent Application Laid Open No. 2003-51731 1s
to prevent worsening of the isolation and the attenuation
amount caused by reciprocal induction that 1s produced 1n
order to counteract the magnetic flux that arises due to the
influence of the current tflowing to the filter.

SUMMARY OF THE INVENTION

Therelfore, unlike the object and constitution described in
Japanese Patent Application Laid Open No. 2003-51731, an
object of the present invention 1s to prevent the occurrence
of a short circuit. It 1s a further object of the present
invention to provide a surface acoustic wave device that
solves the problems of fine-processing complexity, an
increase 1n chip size, and the production of chipping when
a groove 1s provided by means of dicing, which were
problems faced by both the inventions of Japanese Patent
Application Laid Open Nos. H3-102783 and 2000-13179,
and that allows a plurality of surface acoustic wave filters to
be formed on a single chip and greater minmaturization to be
achieved.
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2

A first aspect of the surface acoustic wave device accord-
ing to the present invention, which achieves the above
object, comprises a piezoelectric substrate; a first surface
acoustic wave resonator formed on the piezoelectric sub-
strate; and a second surface acoustic wave resonator formed
on the piezoelectric substrate 1n the surface acoustic wave
propagation direction of the first surface acoustic wave
resonator, wherein the positions 1n which the first and second
surface acoustic wave resonators are formed on the piezo-
clectric substrate are 1 an at least partially overlapping
relationship 1n a surface acoustic wave propagation region
that 1s defined by virtually extending the respective openings
of the first and second surface acoustic wave resonators; and
the surface acoustic wave device further comprises a phase
control portion for dividing the overlap surface acoustic
wave propagation region into an upper half and a lower half
and for aflording the phases of surface acoustic waves that
are propagated by the first surface acoustic wave resonator
a mutually antiphase relationship in the upper-half region
and lower-half region thus divided.

A second aspect of the surface acoustic wave device
according to the present invention, which achieves the above
object, comprises a piezoelectric substrate; a first surface
acoustic wave resonator formed on the piezoelectric sub-
strate; and a second surface acoustic wave resonator formed
on the piezoelectric substrate 1n the surface acoustic wave
propagation direction of the first surface acoustic wave
resonator, wherein the positions 1n which the first and second
surface acoustic wave resonators are formed on the piezo-
clectric substrate are 1n an at least partially overlapping
relationship 1n a surface acoustic wave propagation region
that 1s defined by virtually extending the respective openings
of the first and second surface acoustic wave resonators; and
the surface acoustic wave device further comprises a phase
control portion for dividing the overlap surface acoustic
wave propagation region mnto a plurality of regions and
allording the phases of surface acoustic waves that are
propagated by the first surface acoustic wave resonator a
mutually antiphase relationship 1 the upper-half region and
lower-half region of the respective regions thus divided.

According to a third aspect of the surface acoustic wave
device according to the present invention, which achieves
the above object, the phase control portion for affording the
phases ol the surface acoustic waves propagated by the first
surface acoustic wave resonator a mutually antiphase rela-
tionship according to the first or second aspect are a metallic
f1lm that 1s formed on the piezoelectric substrate between the
first and second surface acoustic wave resonators and that
comprises a cutout of length L subject to the following
relation 1n correspondence with the upper-half region or
lower-half region of the overlap surface acoustic wave
propagation region:

L=Vm*VAQne D/ (VEVm)* (=12 . . . )

(where Vm 1s the velocity on the metallic film, VI 1s the
velocity 1n the region without the metallic film, and 1 1s the
drive frequency).

According to a fourth aspect of the surface acoustic wave
device according to the present mmvention, which achieves
the above object, the phase control portion for atfording the
phases of the surface acoustic waves propagated by the first
surface acoustic wave resonator a mutually antiphase rela-
tionship according to the first or second aspect are a metallic
f1lm that 1s formed on the piezoelectric substrate between the
first and second surface acoustic wave resonators and that 1s
of length L subject to the following relation 1n correspon-
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dence with the upper-half region or lower-half region of the
overlap surface acoustic wave propagation region:

L=Vm*VFEQn+ Y Q*(VEVmY H(n=1.2 . . . )

(where Vm 1s the velocity on the metallic film, VT 1s the
velocity 1 the region without the metallic film, and 1 1s the
drive frequency of the first surface acoustic wave resonator).

Further, a fifth aspect of the surface acoustic wave device
according to the present invention, which achieves the above
object, comprises a piezoelectric substrate; a first surface
acoustic wave resonator formed on the piezoelectric sub-
strate; and a second surtface acoustic wave resonator formed
on the piezoelectric substrate 1n the surface acoustic wave
propagation direction of the first surface acoustic wave
resonator, wherein N electrodes subject to the following
relation among a plurality of electrodes that constitute a
reflector that 1s disposed on a side of the first surface
acoustic wave resonator opposite the second surface acous-
tic wave resonator are half the size of the opening width of
the retlector part, and the phases of surface acoustic waves
that are propagated by the first surface acoustic wave
resonator are subject to a mutually antiphase relationship in
the upper-half region and lower-half region with the above

15 width:
AEN/= Vi VFEQn+ D Q*(VEVm)* Hn=1.2, . . . )

(where A 15 the wavelength of the propagated surface acous-
tic wave and the length of the retflector 1s A/4).

In addition, a sixth aspect of the surface acoustic wave
device according to the present invention, which achieves
the above object, 1s a surface acoustic wave device in which
at least two or more vertically connected surface acoustic
wave resonators are arranged 1n at least two or more sets on
a piezoelectric substrate, wherein the positions in which
adjacent first and second surface acoustic wave resonators of
different sets are formed on the piezoelectric substrate are 1n
an at least partially overlapping relationship in a surface
acoustic wave propagation region that 1s defined by virtually
extending the respective openings of the first and second
surface acoustic wave resonators; a wraparound electrode 1s
tformed between the adjacent first and second surface acous-
tic wave resonators; and the wraparound electrode com-
prises a cutout of length L subject to the following relation
in correspondence with the upper-half region or lower-half
region of the overlap surface acoustic wave propagation
region:

L=Vm*VAQn+ 1)/ * (VEVm)*Hn=1,2 . . . )

(where Vm 1s the velocity on the metallic film, VI 1s the
velocity 1 the region without the metallic film, and 1 1s the
drive frequency).

The characteristics of the present invention will become
more evident from the embodiments of the invention
described hereinbelow with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional constitutional example of a
surface acoustic wave device that functions as an antenna
duplexer that 1s constituted by two ladder-type surface
acoustic wave filters;

FIGS. 2A and 2B 1illustrate spurious emission in the filter
characteristic;

FI1G. 3 illustrates a method for forming a groove 1n order
to prevent the propagation of the surface acoustic wave to an
adjacent filter;
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4

FIG. 4 illustrates a method for coating with a highly
viscous epoxy resin to absorb surface acoustic waves
between transmission and reception filters 1n order to pre-
vent the propagation of the surface acoustic wave to an
adjacent filter;

FIG. 5 1s a first embodiment of a surface acoustic wave
device to which the present invention 1s applied;

FIG. 6 15 a second embodiment of the present invention;

FIG. 7 1s a third embodiment of the present invention;

FIG. 8 1s another embodiment according to the present
invention;

FIG. 9 1s a graph showing the eflect of each of the
embodiments;

FIG. 10 1s an embodiment in which the present invention
1s also applied to a surface acoustic wave device that
functions as an antenna duplexer constituted by two ladder-
type surface acoustic wave filters; and

FIG. 11 1s for consideration of the relationship between a
cutout of length L. and the electrode width of wraparound
clectrodes ELL1 and EL2 in the embodiment 1n FIG. 10.

As a result of the constitution of the present invention,
signal interference between resonators 1n a common package
can be eliminated without forming a groove by means of
dicing, whereby 1t 1s possible to obtain a surface acoustic
wave device that allows a plurality of surface acoustic wave
filters to be formed on one chip and permits greater minia-
turization.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
hereinbelow with reference to the drawings. The embodi-
ments permit an understanding of the present invention but
the technological scope of the present invention 1s not
limited to or by these embodiments.

Here, prior to the description of the embodiments, the
problems to be solved by the present mvention will be
described in more detail to permit an understanding of the
present 1nvention.

FIG. 1 shows a conventional constitution example of a
surface acoustic wave device that functions as an antenna
duplexer constituted by two ladder-type surface acoustic
wave filters. A transmission signal 1s applied to a transmis-
sion terminal that 1s denoted by TP in FIG. 1 and reaches an
antenna pad ANT via a transmission filter in which surface
acoustic wave (SAW) resonators 11 to T4 are connected 1n
the form of a ladder.

In addition, a reception filter, 1n which SAW resonators
R1 to R4 are connected 1n the form of a ladder, 1s connected
to an antenna (not shown) via a phase shifter (not shown).

The transmission signal reaches the antenna via the trans-
mission {ilter and 1s emitted as a radio wave as mentioned
carlier, being applied to the reception filter at one end.
However, 1n the transmission frequency band, the band of
the reception filter 1s 1n the attenuation band, and therefore
the transmission signal barely reaches the reception terminal
RP that 1s connected to a receiver low noise amplifier.

A signal 1n the reception frequency band is also 1n the
attenuation band 1n the transmission filter and in the pass-
band 1n the reception filter. Therefore, a signal received by
the antenna arrives at the reception terminal RP via the phase
shifter and antenna terminal ANT but barely reaches the
transmission terminal TP.

Here, the 1solation characteristic indicates the transmis-
s10n characteristic according to which a signal inputted from
the transmission side 1s outputted to the reception terminal
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RP via the transmission SAW resonators T4, 13, then T2, the
antenna pad ANT, and then the reception resonators R1, R2,
then R3. This transmission characteristic desirably under-
goes an attenuation of =50 dB or less.

However, when the transmission and reception filters 3
exist on the same chip, cases arise where a signal inputted
from the transmission side 1s outputted to the reception
terminal RP via a short circuit that includes the transmission
resonator 13, surface acoustic wave propagation, and then
the reception resonator R3, or the transmission resonator T2, 10
surface acoustic wave propagation, and the reception reso-
nator R2. As a result of such a short circuit, the 1solation
characteristic deteriorates and spurious emission occurs.

FIG. 2 1llustrates spurious emission 1n the filter charac-
teristic. FIG. 2A shows the attenuation characteristic ren- 1°
dered by an insertion loss with respect to the frequency,
spurious emission being generated by the formation of the
short circuit of the surface acoustic wave 1n the conventional
constitution above 1n the part circled by a broken line 1n FIG.

1. FIG. 2B indicates the extraction of this spurious emission 29
component. The filter characteristics deteriorate as a result
of the production of this spurious emission.

In order to avoid the occurrence of spurious emission
caused by the formation of such an acoustic-surface-wave
short circuit, conventional countermeasures include one
method that forms a groove by means of dicing as shown in
FIG. 3 1n order to prevent the propagation of a surface
acoustic wave to an adjacent filter as mentioned earlier.

In FIG. 3, a groove 2 1s formed 1n the center of the chip
by means of dicing for division 1n two regions, which are a
transmission-side region I and a reception-side region II.
The formation of a path along which a surface acoustic wave
1s short-circuited from a resonator 1n the transmission-side
region I to a resonator 1n the reception-side region 11 can thus
be prevented as a result of the groove 2.

25

30

35

Here, since the minimum width of a groove that 1s formed
by means of dicing and that allows the formation of a short
circuit to be prevented 1s on the order of approximately 50
wm, 1t 1s not a large impediment to the mimiaturization of the
chip. However, because the dicing 1s performed at the center
of the chip, this limits the layout of the chip. In addition,
there 1s the problem of the high probability of an eflect on
the transmission/reception filters caused by chipping of
dicing.

40

45
As another method of preventing the formation of a short

circuit, a method that involves applying a highly viscous
epoxy resin to absorb surface acoustic waves between the
transmission and reception {filters may be assumed. FIG. 4
illustrates such a method. An epoxy resin 3 is applied instead 5,
of forming a groove 2 between the transmission and recep-
tion filters. However, there 1s the probability of deterioration

in the characteristics due to the chemical influence of the
epoxy resin. Further, a broad application area 1s required 1n
order to absorb surface acoustic waves, which makes chip .
mimaturization problematic.

Therelore, the present invention resolves the problems of
conventional methods of preventing the formation of short-
circuiting of a surface acoustic wave. FIG. 5 1s a {irst
embodiment of a surface acoustic wave device to which the g
present mvention 1s applied.

A pair ol SAW resonators 11 and 12 1s formed opposite
one another by means of a metallic film such as aluminum
or an aluminum alloy on the surface of a piezoelectric

substrate 10 of LiTaO,, LiINbO,, or the like. In addition, a 65
metallic film 4 1s formed between the SAW resonators 11

and 12.

6

The SAW resonators 11 and 12 each have a different
frequency characteristic 1n the surface acoustic wave device
that corresponds with the intended usage of the surface
acoustic wave device. In addition, the positions 1n which the
SAW resonators 11 and 12 are formed on the piezoelectric
substrate 10 are 1n an at least partially overlapping relation-
ship 1n a surface acoustic wave propagation region that 1s
defined by virtually extending the respective openings of the
SAW resonators 11 and 12. These requirements are also the
same 1n the embodiments described hereinbelow.

As a result of this partially overlapping relationship, the
width within which the surface acoustic wave 3 propagated
from the SAW resonator 11 is received by the SAW reso-
nator 12, that 1s, the width of overlap with the electrode of
the SAW resonator 12, 1s guided, this width being ‘M.

The metallic film 4 provided between the SAW resonators
11 and 12 1s provided with a cutout of length L 1n a part
corresponding to the width M/2, which 1s the upper half of
the width of the overlap of the electrode with the SAW
resonator 12. As a result of this electrode cutout of width
M/2 and length L, a phase difference 1s produced for the
surface acoustic wave 3 that 1s mputted to the SAW reso-
nator 12, between the upper half portion SAW-U and lower-
halt SAW-D of width M of the surface acoustic wave 5.

That 1s, supposing that the velocity 1n the lower region of
the metallic film 4 1s Vm, the velocity in the region without
the metallic film 4 1s V1, where 1 1s the drive frequency, in
the event of a cutout length L that fulfils the condition,

LiVm-L/Vf=02rn+1)/(2=f) Equation 1

> L=VmsVf=Zn+ 1)/ 2=(Vf —Vm)= )

rn=1,2...)

the upper-half surtace acoustic wave SAW-U and lower-half
surface acoustic wave SAW-D, which arrive at the SAW
resonator 12 of the propagated surface acoustic wave 5,
possess a phase difference that 1s an odd multiple of the half
wavelength of the surface acoustic wave.

The surface acoustic wave SAW-U and surface acoustic
wave SAW-Dare antiphase to each other. Therefore, because
the phases of the upper-half surface acoustic wave SAW-U
and lower-half surface acoustic wave SAW-D of the surface
acoustic wave 5 that reaches the SAW resonator 12 facing
the SAW resonator 11 are antiphase to each other, the two
waves SAW-U and SAW-D ofiset each other, meaning that
a spurious signal 1s no longer received by the SAW resonator
12. As a result, the spurious signal can be reduced.

FIG. 6 1s a second embodiment of the present invention.
In FIG. 6, the same reference numerals have been assigned
to the same elements as those of the first embodiment 1n FIG.

5. As per FIG. 5, the SAW resonators 11 and 12 are placed
on the piezoelectric substrate 10.

The embodiment shown i1n FIG. 6 1s a constitution in
which a part that corresponds to a cutout equivalent to the
width M/2 and length L of the metallic film 4 of the

embodiment 1n FIG. 5 1s reversely made the metallic film 41.
FElectrode 1s not formed between the SAW resonators 11 and

12 1n other parts.

Even where the embodiment 1s as shown 1n FIG. 6, due to
the existence of the metallic film 41, a phase difference 1s

produced between the upper-hallf surface acoustic wave
SAW-U and the lower-half surface acoustic wave SAW-D of

the surface acoustic wave 5 propagated by the SAW reso-
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nator 11 that arrives at the SAW resonator 12. Accordingly,
similarly also with this embodiment, because the phases of
the upper-half surface acoustic wave SAW-U and the lower-
half surface acoustic wave SAW-D are antiphase to each
other, the two waves ollset each other, meaning that a
spurious signal 1s no longer received by the SAW resonator
12. As a result, the spurious signal can be reduced as per the
embodiment 1n FIG. 5.

The foregoing embodiments are examples i which a
surface acoustic wave propagation region, which 1s defined

by virtually extending the respective openings of the first
SAW resonator 11 and second SAW resonator 12, 1s divided

into an upper-half region and a lower-half region. The
present invention further divides the overlap surface acous-
tic wave propagation regions into a plurality of regions and
1s also able to afford the phases of surface acoustic waves
propagated by the SAW resonator 11 an antiphase relation-
ship in the upper-half regions and lower-half regions of these
divided regions.

FIG. 7 1s a third embodiment of the present invention in
which an overlap surface acoustic wave propagation region
1s divided 1nto two regions and the phases of surface acoustic
waves are afforded an antiphase relationship to each other in
the upper-half region and lower-half region of each of these
divided regions.

In FIG. 7, the same reference numerals have been
assigned to the same constituent elements as those of the
above embodiment. As per the embodiment 1n FIG. 6, the
resonators 11 and 12 are placed on a piezoelectric substrate
10. In addition, a metallic film 41 of width M/2 and length
L., which 1s disposed between the SAW resonators 11 and 12
of the embodiment 1n FIG. 6, 1s further divided into metallic
films 411 and 412 of width M/4.

As a result of this constitution, two metallic films 411 and
412 of width M/4 and length L exist between the SAW
resonators 11 and 12, and the surface acoustic wave 5
propagated by the SAW resonator 11 1s separated into
surface acoustic waves SAW-UL and U2, which are propa-
gated over the metallic films 411 and 412, and surface
acoustic waves SAW-DL and D2, which are propagated via
parts without electrode.

Therefore, the surface acoustic waves SAW-U1 and U2,
which are propagated over the metallic films 411 and 412,
and surface acoustic waves SAW-D1 and D2, which are
propagated via parts without electrode, are antiphase to each
other and, when propagated to the SAW resonator 12, the
surface acoustic waves SAW-U1 and D1 and SAW-U2 and
D2 counteract one another such that the SAW resonator 12
does not receive a spurious signal. As a result, the spurious
signal can be reduced.

FIG. 8 1s yet another embodiment of the present inven-
tion. In FIG. 8, the same reference numerals have been
assigned to the same constituent elements as those of the
embodiment above. As per each of the above embodiments,
the SAW resonators 11 and 12 are disposed facing one
another on the piezoelectric substrate 10. A characteristic of
this embodiment 1s that the opening width of part of the
reflector 13 of the SAW resonator 11 facing the SAW
resonator 12 1s made half. That 1s, N reflector part electrodes

13-1 among a plurality of electrodes that constitute the
reflector 13 have half the width of the others.

The length of the width of the reflector part 13-1, which
1s half the electrode length of the reflector 13, 1s made equal
to the length L of each of the above embodiments (the length
L. of the cutout of the electrode disposed between the
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resonators 11 and 12 of embodiment 1, and the length L of
the electrode disposed between the resonators 11 and 12 1n
embodiments 2 and 3).

That 1s, for the reflector 13 with the length A/4, by halving
the opening width of the retlector part 13-1, the length of N
of which satisfies:

AENA=Vm VP Qne DIV Vm)* i(n=1.2, . . .),

the same action and effects are obtained as those of the
above embodiment, where Vm 1s the velocity of a part with
the reflector electrodes and VI 1s the velocity of a part
without reflector electrodes.

For a surface acoustic wave emitted by the retlector 13, an
acoustic velocity differential and a phase difference are
produced between part SAW-D, i which the N reflector
partial electrodes 13-1 are not present, and part SAW-U,
which has these partial electrodes.

Therefore, surtace acoustic wave SAW-U and surface
acoustic wave SAW-D counteract each other and the SAW
resonator 12 does not receive a spurious signal. As a result,
the spurious signal can be reduced.

FIG. 9 1s a graph showing the effect of each of the above
embodiments, the frequency (MHz) being plotted on the
horizontal axis and the insertion loss (dB) being plotted on
the vertical axis. As 1s evident from a comparison with FIG.
2, it can be seen that spurious emission 1s reduced by the
present 1vention.

FIG. 10 1s an embodiment in which the present invention
1s also applied to a surface acoustic wave device that
functions as an antenna duplexer constituted by two ladder-
type surface acoustic wave filters.

A transmission signal 1s applied to the transmission ter-
minal TP in FIG. 10 and reaches the antenna pad ANT wvia
a transmission filter 1n which surface acoustic wave (SAW)
resonators T1 to T4 are connected 1n the form of a ladder.

In addition, a reception filter, 1n which SAW resonators
R1 to R4 are connected 1n the form of a ladder, 1s connected
to an antenna (not shown) via a phase shifter (not shown).

Here, 1n the constitution shown in FIG. 10, a surface
acoustic wave propagation path generated by SAW resona-
tors T2 and T3 of the transmission filter and the positions of
the SAW resonators R2 and R3 of the reception filter overlap
one another. There 1s therefore the possibility of a short
circuit being formed between the surface acoustic wave
propagation path and SAW resonators R2 and R3 for the
surface acoustic wave between the transmission and recep-
tion filters.

In the embodiment shown 1n FIG. 10, 1n order to avoid
this short-circuit formation, cutouts 101 and 102 of length L
and width M/2 are formed in wraparound electrodes EL1
and EL2 that are formed between the transmission filter and
reception filter as per the constitution i FIG. 5. As a result,
according to the same principle described i FIG. 5, it 1s
possible to avoid short-circuit coupling of a surface acoustic
wave generated by the SAW resonators 12 and T3 of the
transmission filter with the SAW resonators R2 and R3 of
the reception filter. It can be seen that spurious emission can

also be reduced i1n this manner in the embodiment of FIG.
10.

FIG. 11 1s for consideration of the relationship between a

cutout of length L that 1s formed in the wraparound elec-
trodes ELL1 and EL2 and the electrode width of the wrap-

around electrodes EL.1 and ELL.2 in the embodiment in FIG.
10.

When a cutout, the length L of which 1s smaller than the
clectrode width of the wraparound electrode ELL1 (same 1s
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true for EL2) that 1s shown partially enlarged on the right-
hand side of FIG. 11, 1s formed, supposing that, in Equation
1, Vm=4113.3 (m/s), VI=4210.3 (m/s), and =800 MHz, this

gIves:

L=4113.3%4210.3%0.5 /(800 +97 % 106) (m)
= 11110 -6 (m)

= 111 (um).

Therefore, a cutout of length L can be formed in the
wraparound electrode without changing the electrode width
that 1s used 1n the chip of the duplexer of the commumnication
apparatus that 1s used in mobile-communication frequency
bands that are employed currently.

According to the present invention, the unnecessary cou-
pling of a surface acoustic wave between a plurality of SAW
resonators mounted 1 a common package can be avoided
without the need to form a groove between the SAW
resonators or to provide an acoustic-surface-wave absorbent.
As a result, a surface acoustic wave device that eliminates
unnecessary spurious emission in the filter characteristic and
that permits miniaturization of the device can be provided,
and hence the contribution to the industry 1s substantial.

Moreover, although a one port-type SAW resonator was
described 1n the above embodiment, the application of the
present imvention 1s not limited to such a case. That 1s, a
plurality of IDT (comb-shaped electrode converters) is
placed 1n the direction of propagation of the surface acoustic
wave according to the application of the present invention,
and 1t can be easily seen that analogous action 1s obtained
with a 2-port-type SAW resonator and DMS (multimode
filter) on the two sides of which a grating retlector 1is
provided.

What 1s claimed 1s:

1. A surface acoustic wave device, comprising:

a piezoelectric substrate;

a first surface acoustic wave resonator formed on the
piczoelectric substrate;

a second surface acoustic wave resonator formed on the
piczoelectric substrate in the surface acoustic wave
propagation direction of the first surface acoustic wave
resonator,

wherein the positions in which the first and second surface
acoustic wave resonators are formed on the piezoelec-
tric substrate are in an at least partially overlapping
relationship 1n a surface acoustic wave propagation
region that 1s defined by virtually extending the respec-
tive opemngs of the first and second surface acoustic
wave resonators; and

a phase control portion for dividing the overlap surface
acoustic wave propagation region mnto an upper half
and a lower half and for affording the phases of surface
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acoustic wave resonator a mutually antiphase relation-
ship 1n the upper-half region and lower-half region thus
divided.

2. A surface acoustic wave device, comprising:

a piezoelectric substrate;

a first surface acoustic wave resonator formed on the
piezoelectric substrate;

a second surface acoustic wave resonator formed on the
piezoelectric substrate in the surface acoustic wave
propagation direction of the first surface acoustic wave
resonator,

wherein the positions 1n which the first and second surface
acoustic wave resonators are formed on the piezoelec-
tric substrate are 1n an at least partially overlapping
relationship 1n a surface acoustic wave propagation
region that 1s defined by virtually extending the respec-
tive openings of the first and second surface acoustic
wave resonators; and

a phase control portion for dividing the overlap surface
acoustic wave propagation region into a plurality of
regions and affording the phases of surface acoustic
waves that are propagated by the first surface acoustic
wave resonator a mutually antiphase relationship 1n the
upper-half region and lower-half region of the respec-
tive regions thus divided.

3. The surface acoustic wave device according to claim 1
or 2, wherein the phase control portion for aflording the
phases ol the surface acoustic waves propagated by the first
surface acoustic wave resonator a mutually antiphase rela-
tionship are a metallic film that 1s formed on the piezoelec-
tric substrate between the first and second surface acoustic
wave resonators and that comprises a cutout of length L
subject to the following relation 1n correspondence with the
upper-half region or lower-half region of the overlap surface
acoustic wave propagation region:

L=Vm*VFEQn+ DY Q* VAV A (n=1,2 . . . )

(where Vm 1s the velocity on the metallic film, VI 1s the
velocity in the region without the metallic film, and 1 1s the
drive frequency).

4. The surface acoustic wave device according to claim 1
or 2, wherein the phase control portion for affording the
phases of the surface acoustic waves propagated by the first
surface acoustic wave resonator a mutually antiphase rela-
tionship are a metallic film that 1s formed on the piezoelec-
tric substrate between the first and second surface acoustic
wave resonators and that 1s of length L subject to the
following relation in correspondence with the upper-half
region or lower-half region of the overlap surface acoustic
wave propagation region:

L=Vm*VFEQn+ DY Q* VAV A (n=1,2 . . . )

(where Vm 1s the velocity on the metallic film, VI 1s the
velocity 1n the region without the metallic film, and 1 1s the
drive frequency of the first surface acoustic wave resonator).
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